Background The purpose of this research is to evaluate the prognostic factors for graft survival after penetrating keratoplasty (PK) for medically unresponsive Acanthamoeba keratitis. Methods In this retrospective, interventional case series, 22 affected eyes underwent therapeutic penetrating keratoplasty for medically unresponsive Acanthamoeba keratitis at Shandong Eye Institute during a 10-year period (1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006). Diagnosis of Acanthamoeba keratitis was made prior to surgery for 15 eyes, while a delayed diagnosis was made for the other seven eyes. Appropriate anti-microbial agents were administered based on the suspected etiological agents. Intravenous hydrocortisone was given only once in two patients. Systemic and topical use of steroids was avoided within 2 to 3 weeks after operation. The six patients who were misdiagnosed had intravenous hydrocortisone for 3 days postoperatively, and routine administration of systemic and topical steroids until Acanthamoeba was detected. Patients were followed up for 6 to 24 months (mean, 10 months) after PK. Results Of these patients, none wore contact lenses. The possible causes for infection included trauma with plant matter or dust (13 cases), poultry-feeding (six cases), and occupational exposure to oil (one case). Eighteen grafts were clear at the end of the follow-up. Six eyes (28%) had amoebic recurrence at 2 to 3 weeks after PK, of which five were misdiagnosed prior to surgery and received postoperative corticosteroids treatment. Four of the six eyes that developed a recurrence were regrafted, while the other two remained clear for the ensuing follow-up period. Conclusions PK may be performed in eyes with active Acanthamoeba keratitis. To improve the prognosis, surgeons should pay attention to antiamebal therapy and avoid prescribing corticosteroids in the early postoperative period.
Acanthamoeba keratitis (AK) represents one of the most difficult forms of microbial keratitis for ophthalmologists to diagnose and successfully treat [1] . The first case of AK was reported in 1973 [2] . Since then, there has been an increase in the number of reported cases in many regions of the world [3] [4] [5] , but the first case of AK in China was reported in 1991 [6] . Because of the lack of the recognition of this condition, there have been difficulties in making the correct diagnosis and establishing the clinical features of AK. Therefore, the infection is often very severe by the time cases are referred to our institute and perforation of the eyes often occurs. In these cases, penetrating keratoplasty (PK) is usually the only way to preserve the eyeball and restore useful vision. Unfortunately, recurrence is common. Ficker et al. [7] reported that PK in eyes with active Acanthamoeba infection exhibited a poor outcome, with seven out of ten grafts failing and the condition recurring in their series. At present, performing PK in eyes with active infection is still risky and there are few studies in the literature describing the best course of medical treatment in the peri-operative stage and factors that affect the result of PK. In this study, medical records of all patients undergoing therapeutic PK for Acanthamoeba keratitis at Shandong Eye Institute between June 1996 and June 2006 were reviewed. The prognosis and factors affecting keratoplasty are discussed and the routine postoperative therapy, including topical antiamoebic and corticosteroid treatments, are reported. We have sought to identify the role of keratoplasty in severely inflamed cases and adequate preoperative treatment that may be amenable to satisfactory treatment.
Materials and methods

Patients
A retrospective record review was conducted for 22 eyes from 22 patients with a diagnosis of AK. Therapeutic PK was performed on these patients between June 1996 and June 2006 at Shandong Eye Institute. Seventeen of the 22 patients were male and the average age was 35.2 years (ranging from 19 to 60 years). Of these patients, 15 were outdoor workers, including 13 farmers and two gardeners. The possible causes for infection were also recorded. Hypopyon was present in 16 cases and ring corneal infiltration in 11 patients. Four eyes progressed to impending perforation.
The diagnosis of Acanthamoeba keratitis was made based on at least one of the following diagnostic tests. We obtained corneal material by corneal scraping. Half of the material was for direct microscopy detecting cyst (Fig. 1a) and the rest was for corneal cultures (Fig. 1b) , histopathological examination (Fig. 1c) , or in vivo tandem scanning confocal microscopy (Fig. 1d) . Preoperatively, 15 cases had their diagnosis confirmed by the aforementioned laboratory results, while the rest were misdiagnosed as herpes simplex keratits (three eyes), bacterial keratitis (three eyes), or fungal keratitis (one eye). The average follow-up period was 10 months (ranging from 6 to 24 months) after PK.
Preoperative medications
All 22 patients received the appropriate antibiotics according to the suspected agents. Patients with AK were topically treated with 0.02% chlorhexidine combined with 0.5% metronidazole every hour. For fungal keratitis, 1% fluconazole combined with 0.25% amphotericin B or 5% natamycin were administered every hour. Acyclovir was administered for presumed herpetic keratitis and antibiotic agents were added for suspected bacterial keratitis. Only one of the cases of AK was treated with topical corticosteroids in a remote eye center. The decision to perform PK was based on the following inclusion criteria: (1) the corneal infection continued to progress during topical antimicrobial therapy and (2) uncontrolled secondary glaucoma presented for advanced hypopyon during therapy. The patients arrived at our hospital between 5 and 70 days (average of 30.3 days) after the onset of infection. The duration of topical antimicrobial agents ranged from 15 days to 4 months with an average of 72.4 days.
Surgical technique
A trephine (Storz trephine) was used to perform a partialthickness marker in the bed. Host trephination bed sizes were 0.5 mm larger than the area of corneal infection , with a range of 7.75 to 11.0 mm. Grafts were punched endothelial side up with a trephine of a diameter that was 0.25-0.5 mm larger than the recipient site. The grafts were secured in place with 16 interrupted 10-0 nylon sutures.
Immediately after surgery, the diseased corneal specimens were cut into four parts; two parts were cultured for fungus and bacteria on Sabouraud dextrose agar and blood agar, respectively, another part was used for amebic culture on non-nutrient agar plates covered with Escherichia coli, and the last portion was utilized for clinical pathological analysis.
Postoperative medications and follow-up
After surgery, a combination of 0.02% chlorhexidine eye drops and 0.5% metronidazole were given four times daily in the 15 patients who had been correctly diagnosed for 3 weeks to 1 month, then twice daily for 1 to 2 months, and finally stopped. In addition, corticosteroids were used only in patients with severe inflammation in the anterior chamber postoperatively. Intravenous hydrocortisone (2 mg/kg) was given once in two patients who had been diagnosed AK, and no systemic or topical steroids were administered within 2 to 3 weeks after operation.
The preoperative regimen was continued with gradual tapering of the dose in the other seven patients who were misdiagnosed. Six of them, including three diagnosed with herpes simplex keratitis and three diagnosed with bacterial keratitis, had intravenous hydrocortisone for 3 days after surgery and routine administration of systemic and topical steroids before Acanthamoeba was detected. It usually took 5 to 7 days to get the culture results of corneal scrapings. Once Acanthamoeba cysts were found, the patients were immediately given anti-Acanthamoeba treatment, and steroids were withdrawn. If the recurrent infection developed into the graft and was unresponsive to the medical treatment, a second PK was necessary.
All patients were followed weekly for 4 weeks, monthly for a minimum of 6 months, and at different intervals thereafter.
Results
The possible causes for infections included trauma with plant matter or dust (13 cases), poultry-feeding (six cases), and occupational exposure to oil (one case). The final two eyes had no obvious factors.
Eighteen grafts were clear at the end of the follow-up time (Figs. 2 and 3) . Six grafts failed within 2 or 3 weeks of surgery because of uncontrollable recurrent infection (Fig. 4) . Of these, four eyes were treated by repeated PK, and two of these four grafts remained clear for the next 7 months of follow-up evaluation, while the other two were enucleated because of development of endophthalmitis. The remaining two cases were ultimately enucleated in other hospitals because of uncontrollable endophthalmitis. Fig. 2 a Ring infiltrates larger than 7 mm in diameter and hypopyon in an eye with Acanthamoeba keratitis. b The corneal graft is transparent and there was no recurrence 3 months after penetrating keratoplasty. c The corneal graft remains transparent and no recurrence is observed at 18 months Six eyes (28%) had amoebic recurrence at 2 to 3 weeks after PK, of which one was correctly confirmed as AK and the other five cases were those which were misdiagnosed and received systemic and topical corticosteroid treatment before the operation. All six of these cases were subjected to corneal scrapings for corneal smear and corneal culture, and all were found to be positive for amoeba cyst by corneal smear and culture.
Discussion
AK is a severe and potentially sight-threatening ocular infection. It has been recognized in almost all parts of the world [8] [9] [10] [11] [12] . Evidence from most studies has suggested that soft contact lens wearers are at the greatest risk for AK; in a recent study, contact lens wear was reported in 80-86% of cases [13] [14] [15] . However, none of the patients in this study wore contact lenses. Lack of attention to non-contact lens related AK may be regarded as one of the factors leading to the high rates of misdiagnosis. A recent case series from India presents the characteristics of 39 noncontact lens wearers with AK in a 2.5-year period. The majority of these patients were misdiagnosed as having fungal keratitis [9] . The wide variety of clinical presentations of AK is thought to be another important factor. The earliest signs may be nonspecific, and dendriform keratitis that is often initially treated as herpes simplex infection is commonly seen. Therefore, the diagnosis of AK is often finally made when all other treatments fail. Due to the delay in diagnosis, these patients usually have worse outcomes [17] . In our study, five out of seven (71%) misdiagnosed cases had a recurrence of infection. This was thought to be Fig. 3 a Corneal ulcer larger than 10 mm in diameter in an eye with Acanthamoeba keratitis after 3 months of antiamoebic therapy. b The corneal graft is transparent and there is no recurrence at 5 months after penetrating keratoplasty. c The corneal graft remains transparent, and no recurrence is observed at 10 months Fig. 4 a Central corneal ulcer and paracentric infiltrates in an eye with Acanthamoeba keratitis that was diagnosed as bacterial keratitis before penetrating keratoplasty. b Amoebic recurrence is observed in the corneal graft 18 days after keratoplasty. There are ring infiltrates in the graft brim partly attributed to a delay in the diagnosis and the lack of routine antiamoebic therapy in the perioperative period. The immediate use of corticosteroids was regarded as another factor responsible for the worse outcomes in these patients, which will be discussed below.
Topical corticosteroids are sometimes used to treat AK, but their use is controversial. Some researchers have reported that in in vitro tests, treatment of Acanthamoeba cysts with dexamethasone could induce 4-to 10 fold increases in the number of trophozoites compared with untreated control cultures [18] . Most of the current literature has focused on the medical treatment of AK, while few have studied the correct use of corticosteroids in the postoperative period in AK, especially with respect to the early stage after PK. Illingworth et al. [19] showed that recrudescence of AK may occur after corneal transplantation if residual Acanthamoeba in the host peripheral cornea is exposed to steroids after surgery. Our experience agrees with this observation. In our series, all of the patients with recurrent infections (six cases) received corticosteroids, of which five cases had corticosteroids administered immediately after surgery for seven consecutive days or more. It is therefore possible that the use of corticosteroids for seven consecutive days or more in the early post-operative period could accelerate the proliferation of residual organisms, with a subsequent improvement in the incidence of recurrent infection. However, most of these recurrent cases (5/6, 83%) were also complicated by lengthy diagnostic delays. Thus, in general, it is recommended to delay and limit steroid use as much as possible in the early postoperative period, utilizing it only in patients with severe anteriorchamber inflammation. In our series, topical steroids were used beginning 4 weeks after PK if recurrent infection was not seen.
Several points of surgical technique are worth mentioning. The active form of AK, known as the trophozoite, is 25-40 μm in diameter and can infiltrate the corneal stroma [20] . The cyst that forms is slightly smaller than the trophozoite (15-28 μm in length) and is dormant and resistant to desiccation, temperature extremes, and damage by chemicals [21, 22] . These factors make ophthalmic treatment before surgery both possible and important. Adequate preoperative antiamoebic medications could contribute to confining the corneal lesions easing eradication of the lesions during the procedure; consequently, the incidence of the recurrent infection could decrease. Additionally, in our experience, a trephine with a diameter 0.5 mm larger than the area of corneal infection should be utilized to reduce the possibility of residual amoebic organisms. It is also critical to thoroughly irrigate the anterior chamber in the cases, carefully remove fibrinoid membrane extending onto the iris/lens surface, and lyse the anterior synechia as thoroughly as possible. Careful attention must be paid to the ulcers near the limbus. It is very important to open the conjunctiva and retract them properly. In this study, this allowed us to determine if the infection had invaded the sclera, which would necessitate additional surgical intervention. Finally, the presence of cysts peripheral to the grafts cannot be excluded, therefore, routine antiamoebic agents, which are tapered according to the clinical signs, must be continued postoperatively for at least 2 months to thoroughly eradicate any remaining cyst, so as to prevent the recurrence of infection.
In conclusion, corneal transplantation may be necessary in advanced AK, especially in patients who fail to improve or worsen with treatment with topical antiamoebal agents. Our study focused for the first time on the risk factors that influence the outcome of PK for medically uncontrollable Acanthamoeba infection. Diagnostic delay appears to be a serious risk factor for the final outcome of AK. Continuation of postoperative antiamoebic therapy and abstinence from corticosteroids during the early postoperative period are also helpful to prevent amoebic recurrence and enhance the chances of a successful outcome in AK.
